Abstract-This paper presents a new method for document retrieval using fuzzy-valued concept networks, where the relevant degrees between the concepts in a fuzzy-valued concept network are represented by arbitrary shapes of fuzzy numbers. There are two kinds of relevant relationships between any two concepts in a fuzzy-valued concept network, i.e., fuzzy positive association and fuzzy negative association. The relevant matrices and the relationship matrices are used to model the fuzzy-valued concept network. The elements in a relevant matrix represent the relevant degrees between concepts. The elements in a relationship matrix represent the relevant relationships between concepts. Furthermore, we also allow users' queries to be represented by arbitrary shapes of fuzzy numbers and to use fuzzy positive association relationship and fuzzy negative association relationship for formulating their queries for increasing the flexibility of fuzzy information retrieval systems. We also present an information retrieval method in the Internet environment based on the network-type fuzzy-valued concept network architecture. Index Terms-Document retrieval, fuzzy information retrieval, fuzzy numbers, fuzzy-valued concept networks, network-type fuzzy-valued concept networks, relationship matrices, relevant matrices.
with x and w being the vectors of the membership grades.
Furthermore by admitting this form of generalization, we allow more than two information granules to form the respective mechanism of generalization or specialization (note that our previous construct was quite restrictive, in this regard). -A logic-based transformation of the membership grades involving more advanced constructs such as compensative operators, weighted means, a family of OWAs operators and the like.
This study can indicate a useful possibility of experimenting with fuzzy sets. It is quite evident that the experimental studies concerning the use of real-world data is scarce. One can number a very few studies along this line, e.g., [14] and [15] . Practically, there are no experimental data sets available to experiment with and this situation leads to the evident shortage of the ensuing experiment-oriented research. The proposed methodology of exploiting information granulation through fuzzy clustering and developing information granules of different size may be of some help by providing synthetic membership data to experiment with. Moreover, it could be used in synthetic description of clustering results. This may pertain either to the same clustering algorithm and results obtained for different numbers of clusters; in this sense we are interested in learning how these information granules generalize (or specialize) some other elements in the family of the granules. One can envision another scenario where the results of clustering are generated by different clustering methods and one is looking for the relationship of generalization or specialization between the results produced by these methods.
I. INTRODUCTION
Most of the existing information retrieval systems are based on the traditional Boolean logic model [19] . The information retrieval systems based on the Boolean logic model all assume that the documents and the users' queries should be represented by precise index terms. This makes these systems restricted in practical applications especially in the circumstance where the information has uncertainty or fuzziness. In order to overcome the drawbacks of the traditional Boolean logic model, some models like the probability model, the fuzzy set model, and the vector space model are proposed [19] . Since the fuzzy set model can properly represent the inexact and uncertain knowledge of human beings, many researches are devoted to use the fuzzy set theory in the design of fuzzy information retrieval systems. Moreover, many fuzzy information retrieval techniques have been presented such as [1] , [3] - [5] , [8] , [9] , [11] , [14] - [18] , and [20] .
In [15] , Lucarella et al. presented an information retrieval method that uses fuzzy concept networks for knowledge representation. A fuzzy concept network consists of nodes and links. Each node in a fuzzy concept network represents a document or a concept, i.e., an index item or a topic of documents. Each link in a fuzzy concept network connects two concepts and is associated with a real value between 0 and 1 which represents the relevant degree between two concepts. By means of the fuzzy inference through fuzzy concept networks, the information retrieval systems are developed. Since the fuzzy inference through the fuzzy concept network is time consuming, in [3] we used concept matrices to model fuzzy concept networks and perform fuzzy inference through concept matrices instead of fuzzy concept network. Since the fuzzy inference through concept matrices can be done more quickly, the fuzzy information retrieval systems we developed in [3] can be more efficient. However, the fuzzy concept networks presented in [3] and [15] are restricted because the relevant degree between concepts must be a real value between 0 and 1 and the concepts must be linked with the fuzzy positive association relationship. If we can allow the relevant degree between concepts in a fuzzy concept network to be represented by arbitrary shapes of fuzzy numbers and allow the concepts in a fuzzy concept network to be linked with the fuzzy positive association relationship or fuzzy negative association relationship, then there is room for more flexibility. In [5] , we presented a method for fuzzy query processing for document retrieval based on extended fuzzy concept networks. However, the method presented in [5] also only allows the relevant degrees between concepts to be represented by real values between 0 and 1. Furthermore, the method presented in [5] is also restricted because users only can use real values between 0 and 1 rather than fuzzy numbers to formulate their queries. In [4] , we presented a method for fuzzy query processing for document retrieval, where the relevant degrees between concepts are restricted to be represented by trapezoidal fuzzy numbers, and the relevant relationships between concepts are also restricted to be represented by the fuzzy positive relationship.
In this paper, we use fuzzy-valued concept networks to properly represent fuzzy knowledge for fuzzy information retrieval. A fuzzy-valued concept network consists of nodes and links, each node represents a document or a concept, and each link between two nodes associated with a tuple (; F R) represents the relevance between two nodes, where is a fuzzy number with arbitrary shape representing the relevant degree between two nodes and F R represents the relevant relationship between two nodes, respectively. The values of the relevant degree between any two nodes not only can be real values between 0 and 1, but also can be arbitrary shapes of fuzzy numbers. Moreover, the relevant relationship between any two concepts not only can be a fuzzy positive association relationship, but also can be a fuzzy negative association relationship. In order to reduce the time of fuzzy inference, we use relevant matrices and relationship matrices to model fuzzy-valued concept networks. The elements in a relevant matrix represent the relevant degrees between concepts. The elements in a relationship matrix represent the relevant relationships between concepts. Furthermore, we also allow users' queries to be represented by arbitrary shapes of fuzzy numbers and to use fuzzy positive association relationship and fuzzy negative association relationship for formulating their queries for increasing the flexibility of fuzzy information retrieval systems.
Furthermore, because of the Internet, the documents required by the users should not be bound to a single-host computer. An intelligent information retrieval system must have the capability to help the users to get the documents on different computers through the Internet when the required documents cannot be found on the computers where the users submit their query expressions. Thus, in this paper we also extend the proposed fuzzy-valued concept network architecture to the network-type fuzzy-valued concept network architecture and present a fuzzy information retrieval method based on the network-type fuzzy-valued concept networks in the Internet environment.
The rest of this paper is organized as follows. In Section II, we present the fuzzy-valued concept network architecture for knowledge representation. In Section III, we present a method to model fuzzyvalued concept networks using relevant matrices and relationship matrices. In Section IV, we present an information retrieval method based on the fuzzy-valued concept networks. In Section V, we present a network-type fuzzy-valued concept network architecture for knowledge representation and present a fuzzy information retrieval method in the Internet environment based on the network-type fuzzy-valued concept network architecture. The conclusions are discussed in Section VI. 
II. FUZZY-VALUED CONCEPT NETWORKS
In this section, we briefly review the definition of fuzzy numbers [7] and the concepts of fuzzy positive association relationship and fuzzy negative association relationship from [13] . From Definition 2.1, we can see that a fuzzy number can be represented by arbitrary shapes. For example, the triangle fuzzy number shown in Fig. 1 and the trapezoidal fuzzy number shown in Fig. 2 are the most often used fuzzy numbers. From Fig. 1 , we can see that a triangular fuzzy numberÃ can be represented by a triplet (a1; a2; a3), i.e.,Ã = (a 1 ; a 2 ; a 3 ). From Fig. 2 , we can see that a trapezoidal fuzzy numberB can be represented by a quadruple (b 1 ; b 2 ; b 3 ; b 4 ), i.e., B = (b1; b2; b3; b4).
In this paper, for the convenience of explanations, we assume that the fuzzy numbers used in the fuzzy-valued concept network are all represented by the "close to" shape. However, the fuzzy numbers of arbitrary shapes are also allowed in the fuzzy-valued concept network.
According to [7] , a "close to " fuzzy number is shown in Fig. 3 , where is a real number or an integer. The membership function of the fuzzy number "close to " is defined
where the crossover points are at u = 6 , and the value of is the "half-width" of the curve at the crossover points. The larger the value of , the wider the curve is. In this paper, we assume that the value of is 0.1.
According to [12] , a fuzzy numberÃ can be decomposed into its level sets or -cuts), i.e.,Ã 
where " _ " and " " are the "OR" operator and the "AND" operator of the fuzzy numbers, respectively, where "^" is the minimum operator, "_" is the maximum operator, and 2 [0; 1].
Definition 2.2:
LetÃ andB be two fuzzy numbers of the universe of discourse U with member functions fÃ and fB, respectively, where
then the fuzzy numbersÃ andB are called equal, i.e.,Ã =B.
In the following, we briefly review the concepts of fuzzy positive association relationship and fuzzy negative association relationship from [13] 1) Fuzzy positive association: It relates concepts that have, in some contexts, a similar meaning, e.g., person $ individual or which are typically used in the same context, e.g., person $ address. FR is the relationship between two nodes linked by the directed edgè , and FR 2 fP; Ng, where P stands for fuzzy positive association relationship and N stands for fuzzy negative association relationship.
Example 2.1:
Assume that there is a fuzzy-valued concept network as shown in Fig. 4 . From Fig. 4 , we can see that the relationship between concept c 4 and concept c 1 is a fuzzy positive association relationship with a relevant degree 0:6, i.e., close to 0.6; the relationship between concept c1 and concept c 3 is a fuzzy negative association relationship with the relevant degree 0:7, i.e., close to 0.7; concept c 5 and concept c 2 are linked by a fuzzy positive association relationship with the relevant degree 0:9, i.e., close to 0.9. Document d 2 contains concept c 4 with the relevant degree 0:9, i.e., close to 0.9 and contains concept c 5 with the relevant degree 0:6, i.e., close to 0.6.
III. RELEVANT MATRICES AND RELATIONSHIP MATRICES
In this section, we present a method to model fuzzy-valued concept networks using relevant matrices and relationship matrices. The definitions of the transitive closure of relevant matrices and the transitive closure of relationship matrices are also presented in this section.
Definition 3.1:
The relevant matrix V is a fuzzy matrix, where the element v ij represents the relevant degree between concept c i and concept c j in a fuzzy-valued concept network, and v ij is a fuzzy number. If vij =0, then it means that the relevant degree between concept ci and concept c j is not given by the experts in the fuzzy-valued concept network.
Definition 3.2:
Let P and Q be two relevant matrices with elements denoted by p ij and q ij , respectively, where p ij and q ij are fuzzy numbers and 1 i j n. If 8i8j; pij = qij, then the relevant matrices P and Q are called equal, i.e., P = Q. 
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where n is the number of concepts in a fuzzy-valued concept network.
See (7), shown at the bottom of the next page, where _ and are the "OR" operator and "AND" operator of fuzzy numbers, respectively.
Then there exists a positive integer p, p n 0 1, such that V p = V p+1 = V p+2 = 1 11. Let T = V P , then T is called the transitive closure of the relevant matrix V .
Definition 3.4:
The relationship matrix R is a fuzzy matrix, where the element rij represents the relationship between concept ci and concept cj in a fuzzy-valued concept network and rij 2 fP; N; Zg, where P stands for the fuzzy positive association relationship, N stands for the fuzzy negative association relationship, and Z stands for the unknown relationship. If r ij = Z, then it means that the relationship between concept c i and concept c j is not given by the experts in the fuzzy-valued concept network.
Definition 3.5: Let R and S be two relationship matrices with elements represented by r ij and s ij , respectively, where r ij 2 fP; N; Zg where n is the number of concepts in the fuzzy-valued concept network, r ij 2 fP; N; Z g; 1 i n, and 1 j n. See (8), shown at the bottom of the page, where " _ " is the operator of choosing the fuzzy relationships whose priority is the highest. In this paper, we give the first priority to the fuzzy negative association relationship (N ), the fuzzy positive association relationship (P ) gets the second priority, and the relationship (Z) gets the lowest priority, i.e., N > P > Z. "^" is the operator of choosing the combination of two relationships according to Table I . Then, there exists a positive integer p; p n 0 1 In this section, we present a method for fuzzy query processing for document retrieval using fuzzy-valued concept networks. First, we in- However, the experts may forget to set the relevant degrees and relationships between some documents and some concepts. Since the implicit relevant degrees and relationships between concepts can be obtained from the transitive closure T of the relevant matrix V and the transitive closure L of the relationship matrix R, we can use the transitive closure T of the relevant matrix V and the transitive closure L of the relationship matrix R to get the implicit relevant degrees and relationships between documents and concepts. Let E 3 = E T , then E 3 includes the implicit relevant degrees between documents and concepts.
Let F 3 = F 3 L, then F 3 includes the implicit relevant relationships between documents and concepts. E 3 and F 3 will then be used as a basis for similarity measures between queries and documents. Each row of E 3 can be thought as a document descriptor relevant vector and each row of F 3 can be thought as a document descriptor relationship vector.
The user's query Q can be represented by a query descriptor relevant vector qv and a query descriptor relationship vector qr shown as follows: qv = hx 1 ;x 2 ; . . . ;x n i qr = hy1; y2; . . . ; yni wherexi means the relevant degree between desired documents and concept c i ;x i is a fuzzy number, and 1 i n; y i means the relationship between desired documents and concept ci and yi 2 fP; Ng. If yi = P , then the desired documents should contain ci; if yi = N, then the desired documents should not contain concept c i . Moreover, if the user doesn't set the values ofxi and yi, then concept ci is thought as been neglected by the user, andx i and y i will be labeled as "-". That is, the users "do not care" whether the retrieved documents contain concept ci or not. Then, the degree of satisfaction that document di satisfies the user's query Q can be evaluated by (10) c1 c2 c3 c4 c5
The transitive closure T of the relevant matrix V and the transitive closure L of the relationship matrix R has been obtained as shown in Assume that the information retrieval threshold value = 0:2, then the sequential order from highest retrieval status value to that with the lowest retrieval status value is d 1 > d 3 > d 2 . In this case, document d 1 is the best choice for the user's query, and document d 4 will not be retrieved in this example due to the fact that its degree of satisfaction is smaller than 0.2.
V. FUZZY QUERY PROCESSING USING FUZZY-VALUED CONCEPT NETWORKS IN THE INTERNET ENVIRONMENT
Since the Internet became prevalent [6] , [21] , the information about the documents needed by the user should not be bound on a single host computer. When the users' queries cannot be satisfied on the local computer, the information retrieval system should expand its searching capability to other computers on the Internet until the required documents are either found or they do not exist.
In this section, we present the network-type fuzzy-valued concept networks architecture as the basis for fuzzy information retrieval in the Internet environment. The architecture of the network-type fuzzy-value concept network is shown in Fig. 6 .
From Fig. 6 , we can see that each host links to the Internet by the bold black lines. Each host has its local fuzzy-valued concept network as the knowledge base of the documents and concepts. Substantially, the local fuzzy-valued concept networks inside these hosts are the same as the ones presented in the previous sections. That is, the fuzzy-valued concept networks inside these hosts allow the values of the relevant degrees between concepts to be arbitrary shapes of fuzzy numbers, and the relevant relationships between nodes to be not only fuzzy positive association relationship, but also fuzzy negative association relationship.
Since the local fuzzy-valued concept networks inside these hosts are the same as the ones presented in the previous sections, we can also model these local fuzzy-valued concept networks by using relevant matrices and relationship matrices. Furthermore, we can get the transitive closures of the relevant matrices and the transitive closures of the relationship matrices when the relevant matrices and relationship matrices are known. The implicit relevant degrees and implicit relationships between concepts then can be found in the transitive closures of the relevant matrices and the transitive closures of the relationship matrices, respectively.
The document descriptor relevant matrices and document descriptor relationship matrices can model the relevant degrees and fuzzy relationships between documents and concepts in each local fuzzy-valued concept network inside each host in the Internet environment. However, the experts may forget to set the relevant degrees or fuzzy relationships between some documents and concepts. Because all associate concepts are linked together, we can get the implicit relevant degrees and fuzzy relationships between documents and concepts by the transitive closures of the relevant matrices and the transitive closures of the relationship matrices. Assume the document descriptor relevant matrix is E, and the transitive closure of the relevant matrix is T , let E 3 = E T , then E 3 includes all the implicit relevant degrees between documents and concepts. Assume that the document descriptor relation matrix is F , and assume that the transitive closure of the relationship matrix is L, let F 3 = F 3 L, then F 3 includes all the implicit relationships between documents and concepts.
By the previous discussions, we know that the fuzzy-valued concept networks contain nodes and links. These nodes stand for either documents or concepts. In the network-type fuzzy-valued concept network architecture, we assume that each local fuzzy-valued concept network may have an identical number of concept nodes and a different number of document nodes. Therefore, the relevant matrices and relationship matrices used to model the local fuzzy-valued concept networks on each host are identical. But the document descriptor relevant matrices and the document descriptor relationship matrices are different on different hosts. By the previous discussions, we can see that the relevant matrices and relationship matrices on these two hosts are V and R, respectively, where Assume that a user formulates his/her query expression in the fuzzy information retrieval system based on the network-type fuzzy-valued concept network on host 1 shown in Fig. 6 . First, the user's query expression is handled by the method presented in Section IV. If the desired documents are not found in host 1, the system can choose other hosts from a list of hosts. Then, the user's query is sent to the other hosts chosen by the user automatically by the system. Assume host 2 is chosen, then the user's query is handled on host 2 to see if the desired documents are located on host 2. If the desired documents do not exist on host 2, then the other hosts are chosen to process the user's query. The above processes are done repetitively until the desired documents are found or they do not exist. Example 5.2: As in Example 5.1, the fuzzy-valued concept network in host 1 and the fuzzy-valued concept network in host 2 are shown in Figs. 7 and 8 , respectively. Assume that the user sets his/her query first in host 1 and hopes the retrieved document should contain concept 2 (the degree of strength is about 0.8) and concept 4 (the degree of strength is about 0.9), but should not contain concept 5 (the degree of strength is about 1). Then, the user's query Q can be represented by a query descriptor relevant vector qv 1 and query descriptor relationship vector qr 1 shown as follows: Assume that the information retrieval threshold value = 0:3, then the sequential order from the highest retrieval status value to that with the lowest retrieval status value is d2 > d3 > d1. In this case, document d 2 is the best choice for the user's query.
Assume that the desired documents are not found on host 1 (although they exist on host 1 in this example), and assume that the user's query is sent to host 2. Assume that the information retrieval threshold value = 0:3, then the sequential order from the highest retrieval status value to that with the lowest retrieval status value is d 5 > d 6 > d 4 . In this case, document d5 is the best choice for the user's query, and document d4 will not be retrieved in this example due to the fact that its degree of satisfaction is smaller than 0.3.
VI. CONCLUSION
In this paper, we have presented a new method for document retrieval using fuzzy-valued concept networks. The fuzzy-valued concept networks allow the values of the relevant degree between concepts to be arbitrary shapes of fuzzy numbers, and the relevant relationships between concepts not only to be fuzzy positive association relationship but also fuzzy negative association relationship. The fuzzy information retrieval systems based on the fuzzy-valued concept networks can be designed in a more flexible and more intelligent manner. Moreover, we also allow the users' queries to be represented by arbitrary shapes of fuzzy numbers and to use fuzzy positive association relationship and fuzzy negative association relationship for formulating their queries for increasing the flexibility of fuzzy information retrieval systems. Furthermore, we also extend the proposed fuzzy-valued concept network architecture to the network-type fuzzy-valued concept networks and present a fuzzy information retrieval method based on the network-type fuzzy-valued concept networks in the Internet environment.
